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Publication Title: 
Centrifugal separator 



Abstract: 

The invention relates to a centrifugal separator and a method for separating 
particles from gases. The centrifugal separator (12) is a vortex chamber 
composed of cooling planar plates or panels (32. 34. 36) (i.e. they are distinctly 
non-cylindrical), having at least one gas inlet (40). at least one gas outlet (52) 
and at least one outlet (46) for the separated particles. The cross section of the 
side walls (32, 34, 36) of the vortex chamber forms a distinctly non-circular gas 
space (31) (e.g. a polygonal cross section), have a circularity of greater than 1, 
e.g. > 1.1, and preferably > 1.15. One or more vertical, parallel gas vortices may 
be created in the vortex 
327 

chamber, the gas introduced into vertical narrow slots. The outlets (46) for 
separated particles are not one the same symmetrical axes as the outlets for 
purified gas (52). Two adjacent vortices may be provided in a common 
rectangular chamber. The separator (12) is preferably in conjunction with a 
circulating fluidized bed reactor (10). 
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(54) Circulating f iuidized bed reactor 

(57) The invention relates to a circulating fiuidized 
bed reactor comprising a centrifugal separator and a 
method for separating particles from gases. The centrif- 
ugal separator (12) is a vortex chamber composed of 
cooling planar plates or panels (32, 34, 36) (i.e. they are 
distinctly non-cylindrical), having at least one gas inlet 
(40), at least one gas outlet (52) and at least one outlet 
(46) for the separated particles. The cross section of the 
side walls (32, 34, 36) of the vortex chamber forms a 
distinctly non-circular gas space (31) (e.g. a polygonal 
cross section), have a circularity of greater than 1, e.g. 
> 1.1, and preferably > 1.15. One or more vertical, par- 
allel gas vortices may be created in the vortex chamber, 
the gas introduced into vertical narrow slots. The outlets 
(46) lor separated particles are not one the same sym- 
metrical axes as the outlets for purified gas (52). Two 
adjacent vorticesinaytie provided in a common rectan- 
gular chamber. The separator (12) Is preferably in con- 
junction with a circulating fiuidized bed reactor (10). 
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BACKGROUND AND SUMMARY OF THE INVENTION 

The present invention relates to a circulating fluid* 
ized bed reactor comprising a centrifugal separator for 
separating particles from gases. The centrifugal sepa- 
rator comprises a vortex chamber, which is provided 
with at least one inlet for the gases to be purified, dis- 
posed In the upper section thereof, at least one outlet for 
the purified gases, disposed in the upper or lower sec- 
tion thereof, and at least one outlet for the separated 
particles, disposed in the lower section thereof. At least 
one vertical vortex Is formed in the centrif uc^l separator 

Various cyclone separators are previously known, 
which coniprise a cylindrical, vertical vortex chamber 
serving as a separating chamber and having the tower 
section thereof shaped as a downwardly tapering fun- 
nel. The upper section of the vortex chamber is pro- 
vided with a tangential inlet duct for the gas f tow to be 
treated. The purified gas is generally discharged 
through an opening disposed centrally at the upper end 
of the vortex chamber. In flow-through cyclones, the gas 
is discharged from the vortex chamber through a center 
pipe disposed in the bottom of the vortex chamber 

In the cyclone, solids are separated from the gases 
by centrifugal torce and they flow along the wall of the 
separating chamber down to the tapered part of the 
separator, wherefrom they are discharged. In a conven- 
tional cyclone separator, separation is based on the 
mutual effect of centrifugal force and changes in the 
flow velocity. The gas flow entering a conventional 
cyclone starts to whirl spirally, mainly downwardly along 
the external wall of the vortex chamber, accelerating as 
the taper diameter becomes smaller In the lower sec- 
tion of the cyclone, the gases change their direction of 
movement and start to flow upwardly in the center of the 
vortex chamber towards the upper section of the sepa- 
rator, which is provided with a gas outlet duct. The solid 
material concentrated on the walls of the lower section 
of the vortex chamber by the effect of centrifugal force is 
not capable of following the gases, but it continues to 
flow downwardly into an outlet duct. 

The cyclone walls are heavily worn especially by 
abrasive solids. The abrasive effect can be seen partic- 
ulariy in that part of the wall after the inlet which is first 
hit by the f tow of solids. Attempts have been made to 
decrease the abrasionJ^y-protecting the inner surfaces 
of the vortex chamber by abrasion resistant refractories 
or by manufacturing the vortex chambers from abrasion 
resistant materials. High temperature adds to the abra- 
sive effect of solid material. 

A problem encountered with circulating fluidized 
bed reactors, which have become common in combus- 
tion and gasification processes, is separating solid par- 
ticles entrained with hot gas and returning them to the 
reactor. Special demands placed on the centrifugal sep- 
arator installed in such a situationon are the capabilities 
to continuously separate great amounts of solids from 
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gases and to endure exposurl^Rrosion when large 
volumes of hot gases and solid particles flow through 
the separator. 

The main disadvantage with the conventional 

5 cyclones in big reactors is that the cyclones have to be 
heat-insulated, e.g.. with ceramic heat insulators for 
maintaining the outer surface of the separator relatively 
cold. For providing adequate heat insulation, a thick 
layer of insulation material is needed, which adds to the 

10 price, weight and space requirement of the separator. 
Furthermore, in order to endure hot conditions, the 
cyclones have to be internally protected with abrasion 
resistant layers of refractory. The cyclone walls are 
thereby covered by two layers of different materials. It is 

15 difficult and time consuming to apply these two layers 
on the walls especially as one of the layers is very thick 
and has to dry slowly. The two layers are also very sus- 
ceptible to damage due to temperature differences, e.g. 
during start-up. and mechanical stress during operation 

20 of the system. 

On the whole, the cyclone has become an appara- 
tus with thick insulation layers susceptible to damage, 
which needs a very large space. Because it Is a heavy 
structure, it also requires a strong support stmcture. 

25 This heavy structure means that start-up takes a long 
time in order to avoid cracks of ceramic parts or refrac- 
tories. Tenperature differences in refractory linings dur- 
ing start-up may cause cracks and, therefore, must be 
avoided. 

30 The bed material circulating In circulating fluidized 
bed reactors may be extremely fine, for example, if fine 
lime is used for absorbing sulfur dioxide in the bed or if 
the fuel ash is fine. This sets high standards for the 
cyclone. Attempts have been made to improve the sep- 

35 aration efficiency of the cyclone by connecting two or 
more cyclones in series. Drawbacks of such connec- 
tions are great pressure losses, expensive structure, 
and connections requiring much space. 

Cyclone batteries comprised of cyclones con- 

40 nected in parallel have also been suggested to achieve 
a better separating efficiency. The aim has been to 
achieve higher separation efficiencies by using smaller 
units. These cyclone batteries are, however, expensive 
and complicated to manufacture. The cyclone batteries 

45 require a certain minimum pressure difference for the 
gas to be always evenly distrODuted through the various 
cyctones. 

The walls of the combustion reactors a^e usually 
made of water tube panels for partial recovery of the 

50 heat generated in the reactor. The cydone separators 
and return ducts for the solid material are usually 
uncooled, heat-insulated structures. Joining such 
cooled and uncooled parts together is difficult due to 
unequal heat expansion and thtok insulation layers. 

55 Therefore, the connections between the reactor and the 
separator require expensive, ceramic or equivalent heat 
resistant ductworks and expansion joints. The cyclone 
separator and the convection section disposed thereaf- 
ter also require special expansion joints. 
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When changing thediamet^jj^pe aoss-sectlon of 
a cyclone, the distance betweei^aiacent water tubes 
on the cyclone wall is changed, unless some tubes are 
taken away or added to some parts of the cyclone wall. 
This is a complicated process. 

For avoiding the above-mentioned drawbacks 
caused by heat expansion, for example. US patent 
4.746.337 suggests a cyclone of water tube structure. 
However, manufecturing a cylindrical cyclone of a tubu- 
lar structure is not simple. Further, the tube panels have 
to be bent Into very awkward shapes in the manufactur- 
ing stage, a time consuming and difficult process. 

Rnnish patent application 861 224 discloses a cylin- 
drical cyclone separator of water tube structure, one of 
the water tube walls being comnx)n to both a reaction 
chamber and a particle separator. As above, this 
arrangement also involves awkward bends. 

US patent specification 4,615,715 discloses a sep- 
arator enclosure manufactured of tube panels and an 
actual vortex chamber manufactured of a cylindrical, 
abrasion resistant unit disposed inside the enclosure. 
The annular space between the separator enclosure 
and the cylindrical unit is filled with some suitable filler. 
Due to the cylindrical unit being disposed inside the 
separator and due to the filler, the separator is, however, 
large and heavy, although part of the heat Insulator has 
been left out. Furthennore. the cylindrical inner part of 
the vortex chamber is worn by particles flowing down- 
wards along the walls. 

According to the invention, a separator apparatus Is 
provided which is simpler in construction, less suscepti- 
ble to damages, especially in its insulation layers, does 
not take up as much space, and is less expensive than 
conventional high temperature cyclone separators. The 
centrifugal separator of the invention may be manufac- 
tured of simple elements, e.g. mainly planar or plate- 
formed water tube panels. The separator of the inven- 
tion is easily made modular. Due to its modular struc- 
ture, the inventive separator is better applicable than the 
previously known structures to large circulating f lukJized 
bed reactors, and Is highly resistant to abrasion. 

It is a characteristic feature of the centrifugal sepa- 
rator according to the invention that the vortex chamber 
is non-cylindrical, Is mainly composed of planar walls, 
the cross section of the side walls of the vortex chamber 
preferably being in the shape of a square, rectangle, or 
other polygon. The aoss section of the interior gas 
space, defined by-tbe vortex chamber, is cOstinctly non- 
circular. By "gas space** in a vortex chamber is meant 
the inner space which can freely be filled up by gas. The 
gas space is substantially limited by the inner walls of 
the vortex chamber and by elements fitted on the wall (if 
there are any). The gas space is a space into which gas 
can flow freely without being restricted by any elements, 
refractory layers or the like. 

The cross-sectional shape of the gas space of the 
vortex chamber may be illustrated by a circularity X. 
which is the circumference of the gas space divided by 
the circumference of the biggest circle contained In the 



aoss section of the gas sp^l^ith a cylindrical sepa- 
rator. X = 1 , and with a square, X = 1 .273. In the sepa- 
rator according to the invention, the circularity X of the 
gas space of the separator is equal to or greater than 1 . 
5 e.g. X g 1 .1 . and preferably X is equal to or greater than 
1.15. While a separator with circularity of X > 1 is known 
per se from German 3435214, such a structure is indi- 
cated as bemg unsuitable for use in separating out par- 
ticles, and thus teaches away from the invention, 
fa The inside of the vortex chamber of the separator of 
the invention is at least partially lined with a thin layer of 
abrasion and heal resistant refractory material. This 
layer of refractory does not substantially make the cross 
section of tiie gas space circular, but it protects areas 
15 susceptible to abrasion in the vortex chamber. Nor does 
tiie layer of refractory In a preferred embodiment of tiie 
invention substantially function as a heat insulator in a 
vortex chamber. The thk:kness of the layer of refractory 
Is preferably only about 40 to 150 mm. This thin, abra- 
20 sion and heat resistant layer of refractory may be 
attached witti studs or other clanrping elements to the 
wall surface of tiie vortex chamber, said wall surface 
being preferably a water tube panel. By attaching tiie 
layer of refractory directiy to a cooled wall, without any 
25 insulator or other layers therebetween, cooling of the 
refractory is also made possible. When cooling, tiiis 
layer of refractory becomes both chemically and 
mechanically more durable. Heat-conducting material 
may be selected as an abrasion resistant material. Such 
30 material cools still faster. The studs also enhance cool- 
ing. To lessen tiie abrasive effect of the particles sus- 
pended in the inlet gas. tiie wall opposite to tiie inlet wail 
and areas which are especially susceptible to abrasion 
may be provided with a specific, additional layer of pro- 
35 tecting refractory material or with a refractory material 
which is more abrasion-resistant than tiie refractory in 
the rest of tiie chamber. 

In a preferred embodiment of tfie Invention, tiie 
walls of tiie vortex chamber are composed of cooling 
40 sur^ces. such as water tube panels. Since the vortex 
chamber Is preferably defined by planar walls, tiie wall 
elements may be planar or curved ready-made water 
tube panels. Thus, it is possible to simply assemble a 
centrifugal separator such as, e.g., a gasification or 
45 combustion reactor, by welding It in the Intended place 
of operation. A portion of or preferably all walls of tiie 
vortex chamber are of cooled structure. The cooling 
system of the vortex chamber is preferably-aonnected to 
the main water/steam system of tiie f iukJized bed reac- 
so tor with which it is associated. 

A cooled particle separator according to the 
present Invention does not have to be lined by thick heat 
resistant refractory linings or other tiiick protective lay- 
ers, which woukf easily be damaged due to temperature 
55 differences during start-up or during operation and. 
therefore. woukJ easily break or crack [thick linings also 
consume much space]. According to the present inven- 
tion, relatively thin abrasion resistant protective layers 
on tiie cooling panel are 8uffk»ent According to the 
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present invention, problems with ti^Hlings. as well as 
other problems due to thermal SqSnsions, can be 
avoided. Thermal expansions in both reactor chamber 
and separator can more easily be predicted and com- 
pensated when both are formed of water tube panels, 5 
where the temperature is more easily controlled. Basi- 
cally, due to smaller or nonexistent differences In ther- 
mal expansion between the reactor chamber and 
separator according to the invention, problems with 
expansion joints between the separator and reactor 10 
chamber can be minimized. 

In accordance with a preferred embodiment of the 
invention, the centrifugal separator is comprised of an 
elongated vortex chamber, wherein two or more parallel 
gas vortices are formed at a spaced relationship. The is 
side walls of the vortex chamber consist of four planar 
panels, e.g.. water tube panels, two opposite walls 
being the long walls and the remaining two the end 
walls of the vortex chamber. The long walls may prefer- 
ably be two or more times longer than the end walls. In 20 
that case, the aoss section of the inside space of the 
vortex chamber preferably corresponds to the space of 
two or more successive squares, the length of a side of 
the square equalling the length of the end wall. Prefera- 
bly, the number of gas vortices is equal to the number of 25 
squares. 

The elongated vortex chamber is provided with a 
plurality of successive vortices in the longitudinal direc- 
tion of the chamber by disposing the gas inlet/inlets and 
the gas outlet/outlets suitably so that the number of vor- 30 
tices produced in the vortex chamber equals the 
number of the gas outlets therein. The gas outlet/outlets 
are so disposed in the vortex chamber as to enable the 
gas from the inlet to be directed tangentially into one or 
two parallel vortices. 35 

The gas inlets are disposed in the side wall of the 
vortex chamber so as to guide the gas tangentially from 
the inlet into the gas vortices in the vortex chamber and 
maximize the "spin-effect" of the introduced gas jets 
corresponding to the centers of the gas outlet openings. 40 
The "spin-effect" = m * v * r . when m = mass flow, v = 
gas velocity in the inlet opening and r = the perpendicu- 
lar distance between the gas inlet jet and center of gas 
outlet opening. The gas vortices formed in the vortex 
chambers are substantially concentric with the gas out- 45 
let openings. It is also possible to guide gas from one 
inlet to two adjacent gas vortices or guide gas from two 
or more gas inlets to^lyjone gas vortex. 

The elongated vortex chamber is suitable to be dis- 
posed next to (in operative association with) a circulat- so 
ing fluidized bed reactor in such a manner that one of 
the reactor walls or at least part of the upper section of 
the wall serves as a wall of the vortex chamber. Thus, 
for example, part of a common long wall of the reactor 
may sen/e as a long wall of the vortex chamber, which ss 
naturally cuts down the material costs. 

Furthermae. two other walls of the reactor may 
preferably be utilized in connecting the reactor and the 
separator. The extensions of the walls perpendicular to 
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the common wall may constitiMK.g. the end walls of 
the vortex chamber. Thus, three cooled panel walls of 
the reactor may be utilized in the separator construc- 
tion, which brings remarkable advantages economically 
and in view of manufacture. This structure enables 
an^anging of, e.g. the combustion furnace of the fluid- 
ized bed reactor and the cyclone separator according to 
the invention so as to compose a single rectangular 
structure, which is most advantageous with respect to 
supporting of the structura 

An outlet for the separated solids nr^y be provided 
corresponding to each gas vortex in the vortex cham- 
ber, so that an even distribution of returned solids Into 
the reactor chamber is easy to arrange from several 
adjacent places, e.g., in a circulating fluidized bed reac- 
tor. The solids separated in different vortices may. on 
the other hand, be collected in one collection chamber 
or hopper disposed in the lower section of the vortex 
chamber and may be further conducted to a desired 
location in one or several particle flows. 

In the elongated vortex chamber, the long walls 
may need support for stiffening the wall panels and for 
preventing the deflection thereof. In this case, trans- 
verse supports or transverse walls may be disposed 
between the two opposite long walls, for stiffening the 
chamber structure. The transverse supports/walls are 
disposed between two gas vortices so that the trans- 
verse supports/walls do not have a harmful effect on 
vortex formation. The transverse supportsAAralls may be 
cooled and/or manufactured from abrasion and heat 
resistant material. The transverse supports may consti- 
tute a partition wall in the vortex chamber so as to partly 
or completely divide the chamber into separate sec- 
tions. The transverse supports may extend from tiie 
ceiling of the vortex chamber down to the bottom 
thereof, whereby two or, depending on the number of 
the transverse walls, more completely separate gas 
spaces are formed In the chamber. On the other hand, 
the transverse supports may only be short support ele- 
ments which do not actually divide the channber into 
separate gas spaces. 

The gas inlets in the vortex chamber are preferably 
in the shape of vertical, nanrow. elongated slots. The 
slots may be, e.g., as high as the upper section of the 
vortex chamber. The width of the slot Is determined 
according to the cross section required for gas flow. The 
inlets may be preferably an-anged with guide plates for 
guiding the gas tangentially into the vortex. -^e guide 
plates also serve as stiffeners of the long wall. 

in centrifugal separators according to the invention 
only one gas vortex Is formed if the separator has a 
square cross-section. It is easy to arrange a plurality of 
tiiese parallel and, thereby construct a compact cyclone 
battery made of simple elements, and taking up little 
space. 

The most significant advantages of the invention 
are its simple structure and the fact that both a reactor 
chamber and a small battery of particle separators may 
be constructed, e.g., of simple, planar parts, such as 
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ready-made water tube panelsi^^B may be manufac- 
tured in advance by an inexpensl^weiding method in a 
workshop. By arranging a plurality of gas vortices effect- 
ing separation of solids in one elongated vortex cham- 
ber space, less separator wall area is needed in 5 
confiparison with a cyclone battery assembled of several 
independent separators. 

Due to cooling, the wall structure of the separator is 
thinner than that of the conventional hot gas separators 
and. due to its square/rectangular shape, the separator 10 
may be n^anufactured of plate-formed parts. 

A separator according to the invention is construc- 
tionally suitable for purifying product or flue gases, for 
example, in gasifiers and combustion reactors function- 
ing on the f tuidized bed principle, where it is desirable to is 
have a cooled structure and where the amount of parti- 
cles to l^e separated is great. The invention is especially 
suitable for separating circulating solids from gases in 
circulating f luidized bed reactors. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a schematic Illustration of an exem- 
plary centrifugal separator according to the inven- 
tion disposed in operative association with a 25 
circulating fluidized bed reactor; 

FIGURE 2 is a sectional view of Fig. 1 taken along 
line 2-2 thereof; 

30 

FIGURE 3 is a sectional view of Fig. 2 taken along 
line 3-3 thereof; 

FIGURE 4 is an illustration of a second centrifugal 
separator according to the invention disposed in a ss 
circulating fluidized bed reactor; 

FIGURE 5A is a sectional view of Fig. 4 taken along 
line 5-5; 
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FIGURES 6A and 7A are sectional views like those 
of Figi^es 3 and 5A illustrating other exemplary 
embodiments of centrifugal separators according to 
the invention; 

FIGURES 5B-7B are views like those of FIGURES 
5A-7A Ibr slightly different embodiments; 



FIGURE 8 is a cross-sectional view of yet another 
embodiment of the centrifugal separator according so 
to the invention; 

FIGURE 9 is a cross-sectional view of a circulating 
fluidized bed reactor according to the invention with 
centrifugal separators disposed around the periph- 55 
ery thereof; 



FIGURE 10 is a viewlWlhat of FIGURE 9 only 
showing a circular construction of reactor with cen- 
trifugal separators around its periphery; 

FIGURE 11 is a vertical cmss-sectional view of 
another embodiment of circulating fluidized bed 
reactor according to the invention with centrifugal 
separators associated therewith; and 

FIGURES 12 through 15 are vertical cross-sec- 
tional views like tiiat of FIGURE 1 1 only for different 
embodiments of circulating fluidized bed reactors. 

DETAII^D DESCRIPTION OF THE DRAWINGS 

Rgures 1, 2 and 3 illustrate a circulating fluidized 
bed reactor comprising a reaction chamber 10. a cen- 
trifugal particle separator (cyclone) 12 and a return duct 
14 for separated particles. The cross section of tiie 
reaction chamber is rectangular and tiie reaction cham- 
ber 10 is composed of water tube walls, only the long 
walls 1 6 and 1 8 of which are shown in Fig. 1 . The water 
tube walls are preferably formed of joined vertical water 
tubes. 

The upper part of wall 18 Is bent to form the celling 
20 of ihe reaction chamber 10. The walls of the lower 
section of the reaction chamber 10 are protected with 
refractory material 22. The reactor has an inlet 23 for 
solid material. The bottom of tiie reaction chamber 10 is 
formed of a disti'lbution plate 24, which Is equipped witii 
nozzles or openings 26 for introducing fluidizing gas 
from an air plenum charTt)er 28 into ttie reaction cham- 
ber for maintaining a fluidized bed in the chamber. Ru- 
idizing gas or fluidizing air is introduced Into tiie reaction 
chamber at such a high rate that it causes a portfon of 
the fluidizing bed material to continuously flow together 
with the gas tiirough an opening 30 disposed in ttie 
upper section of the chamber 10 into the particle sepa- 
rator 12. 

The centrifugal separator 12 according to tiie Fig- 
ures 1 . 2 and 3 embodiment is a multivortex centrifugal 
separator, in which two parallel, vertical gas vortices 
separating particles from Qa& exhausted from the reac- 
tor chamber by means of centrifugal force are created in 
tiie gas space 31 of the separator. A vortex chamber 
delines the separator 12, and preferably conrprises pla- 
nar, mainly rectangular water tube walls 32. 34, 36 and 
38. Preferably, these walls are also joinedrvertical water 
tubes. The vortex chamber of separator 12 has one long 
wall, adjacent to the reaction chamber, in common witii 
the reaction chamber, I.e., part of the wall 16 of the 
reaction chamber 10 constitutes tiie wall 32 of the vor- 
tex chamber. At tiie slot 30, the water tube wall 32 is 
bent towards tiie inside of the vortex chani>er so that 
the bent parts 40 create an inlet duct 42 leading tiie gas 
ftow into the vortex chamber gas space 31. The slot 30 
is high and narrow, higher and narrower ttian in conven- 
tional vertical cyclones, preferably as high as tiie upper 
section 43 of the vortex chamber. In tills design of one 
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iniet for two vortices, the height t^Bh ratio may be 
lower, but preferably > 3. The partWo bent inwardly 
from the wall are preferably bent to fomi an inlet duct 
tapering inwardly towards the vortex chamber. 

The ui^er parts of the walls of the vortex chamber s 
are preferably vertical and planar and form the upper 
section 43. The lower part of tiie long wall 36 is bent 
towards the opposite long wall 32 forming the lower sec- 
tion 45 of the vortex chanft)er. By this structure an 
asymmetrical, long, funnel-sh^)ed space 44 is lonrned. io 
the bottom part of said space forming a solids outlet 46. 

The outlet 46 also senses as an inlet into the return 
duct 14. The long walls of the return duct are formed by 
the extensions of the walls 32 and 36 of the particle sep- 
arator 1 2. The end walls of the return duct 1 4 are corre- is 
spondingly formed by the extensions of the walls 34 and 
38. Only a portion having the width of tiie return duct 1 4. 
of the end walls 34 and 38 continues downwardly, 
thereby forming a return duct. The remaining portions of 
the end walls only extend to the upper part of the return 20 
duct 14. as disclosed in Fig. 1 for part of wall 34. The 
lower part of the return duct 14 is in communication with 
the lower section of the reaction chamber 1 0 via L-bend 
48, for returning the solids separated in tiie separator 12 
into the f luidized bed. 25 

In the upper section 43 of tiie vortex chamber, two 
successive gas outiet ducts 54 and 56 are disposed in 
openings 50 and 52, for discharging purified gas from 
the gas space 31 of the vortex chamber. The gas outiet 
ducts 54, 56, i.e. so-called central ducts in the separa- 30 
tor, may be eitiier ceramic or cooled ducts in order to 
resist hot conditions in the separator. The central ducts 
are disposed in tiie gas space 31 of tiie vortex chamber 
preferat)ly so that ttieir center axes are on tiie natural 
center axis of the gas vortex formed by swirling gas In 35 
space 31 . The gases are conducted from the separator 
12 Into a duct 60 disposed on top thereof, tiie duct 60 
being provided witii heat recovery surfaces 62, and fur- 
ther into a vertical convection section 64 disposed next 
to the reaction chamber 10, tiie convection section 40 
being also provided witii heat recovery surteces 66. The 
gases are discharged via duct 68. 

The long walls of the vortex chamber are reinforced 
by means of a partition wall 70 exteridlng from wall 32 to 
wall 36. The partition wall extends from below the inlet 45 
30 to the lower section of the vortex chamber. The par- 
tition wall prevents deflections and vibrations of the long 
walls caused by the blowing gas. Instead of a partition 
wall, also wear-resistant support beams may be used 
for stiffening tiie long walls. Part 40 bent from wall 32 so 
towards the inlet 30 stiffens the wall 32 in tiie upper sec- 
tion of the vortex chamt)er. 

Circular elements are not provided in the vortex 
chamber for maintairnng a circular nvyvement of tiie gas 
in a vortex, or for gukling the solid material. Therefore, ss 
the cross section of tiie gas space 31 of the vortex 
chamber, i.e. the space filled with gas. is distinctiy non- 
circular. The tangential feeding of tiie Inlet gas. the loca- 
tion of tiie gas outiet, and the planar walls contribute to 
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tiie forming of tiie gas vortex iniiif gas space 31 . Sur- 
prisingly, it has been discovered that no cylindrical or 
other circular, guiding walls are needed in tiie gas space 
31 of tiie separator 12 for maintaining a gas vortex. In 
the present specification and claims, "circularity" is tiie 
circumference of the cross section of the inner surface 
of the gas space 31 of the vortex chamber divided by 
the circumference of the biggest circle contained in tiie 
aoss section; and is greater tiian 1 . e.g. s 1 . 1 . and pref- 
erably ^ 1.15. according to the invention. The walls of 
tiie vortex chamber are internally lined with a tiiin layer 
of abrasion and heat resistant refractory material, not 
shown in the drawings. The tiiickness of the refractory 
layer is normally about 40 to 150 mm. Preferably, tiie 
heat and abrasion resistant refractory material may be 
attached directiy to the walls 32, 34, 36. and 38 of tiie 
vortex chamber. Places which are exposed to heavy 
abrasion require a thicker layer of refractory, or a more 
alxasion-resistant refractory may be used. Thus, for 
example, wall 36. opposite to the gas inlet 30, may be 
provided witii a vertical refractory lining the lengtii of 
which corresponds to the height of the inlet At least a 
portion of the particles entrained in the inlet gas jet flow- 
ing Into the vortex chant>er then hit this refractory area 
on wall 36. 

The particles entrained in the gas entering the sep- 
arator 12 tend to flow along a straighter patii tiian tiie 
gas. For example, when tiie gas flows into tiie vortex 
chamber and changes its direction of nnovement in 
order to form a vortex, some of the particles mainly con- 
tinue along tiieir straight path eventually hitting tiie 
opposite wall 36. Due to tiie slowness of tiie change of 
movement of the particles, the edge areas of the vortex 
chamber are susceptible to abrasion and preferably 
tiiey have to be protected witii a thid^r layer of refrac- 
tory or witii a more resistant refractory. 

With large volumes of solids flows, typical to circu- 
lating fluidized bed reactors, tiie abrasion caused by 
particles is not necessarily, however, the heaviest at tiie 
area which is opposite to tiie inlet. The critical areas 
may be on both sides of this area. The reason for tiiis 
might be tiiat tiie particles tiiemselves, when flowing 
downwardly, form a protective barrier or a protective 
layer at this area. When applying a protective layer of 
refractory, it is advantageous to pay attention to this so 
ttiat a resistant refractory is laid on tiiis entire critical 
area and not only on tiie actual hitting point perpendic- 
ularly opposite to the gas inlet. —5 

The corner areas of the vortex chamber have an 
improved inpact on the separation of particles. In tiie 
corner areas tiie gas suspension flow is forced to 
change its direction abruptly. Gas changes its flow much 
more easily than particles, which gather in tiie corner 
areas. This leads to a decrease in particle flow velocity 
in tiie direction of tiie vortex flow in the corner areas. 
The particle flow may even stop when hitting a layer of 
heavier particle suspension close to the wall in the cor- 
ner areas, which leads to a further concentration of par- 
ticles close to the corner areas. Thus, concentrated 
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particle suspensions/layers or ^^Bheavy particle clus- 
ters separate more easily by g^tation from the gas 
flow in the vortex chamber and flow downwards in the 
comer areas into the lower part of the separator. 

The return duct 14 is also divided with a partition s 
wall 71 into two parts 13 and 15, the lower sections of 
which are formed, by means of brick-lined or refractory- 
lined walls 72, into funnel-shaped spaces 74 and 76. 
into which spaces the separated solids flow. From the 
funnel-shaped space, the solid material is Introduced io 
via openings 78 and 80 back to the lower section of the 
reaction chamber. 

Fig. 1 illustrates a pretended embodiment of the 
invention. According to this embodiment, the wall 16 of 
the reaction chamber constitutes wall 32 of the return is 
duct 14. According to a second embodiment, shown in 
Fig. 4, the return duct is defined by separate walls, the 
wall of the reaction chamber not being utilized there. In 
Fig. 4, respective reference numerals are used as in 
Figs. 1 . 2 and 3. In the lower section of the vortex cham- 20 
ber 12. the walls 32 and 36 are both bent towards each 
other so as to form a symmetric funnel in the lower sec- 
tion of the vortex chamber. The return duct 14 is thus 
disposed at a short distance from the reaction chamber. 
The lower part of the return duct is provided with a loop 25 
seal or knee 84. which prevents the gas from flowing 
from the reaction chamber into the return duct. 

In the embodiment illustrated by Fig. 4, the return 
duct 14 is an elongated duct as in the embodiment 
shown in Fig. 2. However, with partition walls, the lowest 30 
section of the vortex chamber may be so shaped as to 
form one or more outlets for solids at the funnel-shaped 
bottom of the vortex chamber, the shape of the outiets 
being close to a square or a circle. Thus, the outlet or 
outlets may be connected with tube-formed return ducts 35 
as in conventional, vertical cyclone separators. 

Fig. 5A is a sectional view of Fig. 4 corresponding 
to Rg. 3 for Fig. 1 . In tiie embodiment shown in Figs. 1 , 
2 and 3. the vortex chamber 12 is provided with one gas 
inlet 30. The centrifugal separator according to Fig. 5A 40 
is provided with two inlets 86 and 88 - one for each gas 
vortex. As in case of Fig. 3. the cross section of the vor- 
tex chamber 1 2 is also rectangular. The cross section of 
the gas space per vortex is almost a square. The walls 
of the vortex chamber are protected with a tiiin layer of 4S 
abrasion resistant refractory material, not shown in the 
drawings. 

The centrifugatseparator according to the invention 
is especially advantageous because a plurality of gas 
vortices may be formed in one separator enclosure. For so 
example four vortices may be an^anged in one space 
inside the separator, whereby each vortex is arranged 
with a gas outiet of its own. 54, 55. 66 and 57, as shown 
in Rg. 6A. Preferably, two gas inlets are disposed in the 
separator so that one inlet at a time feed gas into two ss 
vortices. Correspondingly, separators with still a larger 
number of vortices may be provided. 

The gas inlets are so disposed in the separator as 
to feed the gas mainly tangentially towards the vortex 
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which is to be formed. In tnHihibodiment of the inven- 
tion shown in Fig. 6A, a multivortex separator has a sup- 
port wall 70 supporting the long walls of the separator. 
The wall divides the vortex chamber into two sections 
equal in size. 

On the other hand, also independent separators 
with two vortices may simply be disposed adjacently so 
as to create a separator battery of four vortices. Due to 
planar walls, the separators are readily anranged adja- 
cently without any need for extra space. A required 
amount of smaller standard size separators may be sim- 
ply connected in this manner. The structure is far less 
expensive as standard size separator elements may be 
constructed and a required amount of these may be 
combined instead of manufacturing one single large 
separator. 

When several planar wall elements are combined to 
form long s^^arator batteries with common partition 
walls between different separator sections, the number 
of walls to be welded on site is much fewer than in man- 
utecture of completely unconnected separators. The 
number of walls in a separator battery according to tfie 
invention is equal to or smaller ttian the number of vorti- 
ces -4- 3. when a partition wall is disposed between all 
vortices. The total wall area needed for the separator 
units is also smaller, which makes the separator less 
expensive. The structure of Fig. 1 is very advantageous. 
In tills structure, the wall area of tiie reaction chamber is 
also utilized in the separator. In tiiis case, the number of 
required walls are equal to or smaller than tine number 
of vortices + 2. virhen a partition wall is disposed 
between all vortices. The number of walls is still fewer if 
no partition walls are used. 

It is also possible to have only one gas vortex and 
one or more gas inlets In tiie separator according to tiie 
invention, as shown in Rg. 7A. The advantages of tiie 
invention, obtained by forming tiie vortex chamber of 
planar walls so tiiat also the inner part of the vortex 
chamber substantially deviates from a circular shape, 
are also obtained in this case. 

It is not an intention to limit the invention to tiie 
enrixxJiments of the examples, but it can be modified 
and applied within the inventive scope defined in tiie 
accompanying claims. Thus, the vortex chamber may in 
some cases be in the shape of a polygon such as a hex- 
agon or even an octagon. whk:h may be simply manu- 
factured of planar panels. The aoss section of ttie gas 
space of the vortex chamber is mainly-1n the same 
shape as the aoss section formed by the external walls 
of the vortex chamber. In the separator according to the 
invention, the gas space of the vortex chanrtoer is not 
provided with substantially curved walls, for example, by 
heat-insulated refractory materials, abrasion resistant 
refractory materials or guide plates so that the cross 
section of tiie vortex chamber would be close to a circle. 
The inner walls may. however, be lined witii a thin layer 
of abrasion resistant refractory material. 

The invention also comprises a method of separat- 
ing particles from a stream of high temperature gas witii 
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partides therein, using a vortex chi||p|^ with an interior 
gas space having a drcularity of grig^ter than 1, prefer- 
ably a 1 .1 . The method comprises the steps of (a) intro- 
ducing high temperature gas with partides entrained 
therein into an upper portion of the non-circular Interior 5 
gas space 31 of the vortex chamber; (b) establishing at 
least one vertical gas vortex in the vortex charTt)er in 
which the gas swirls In the gas space, coming In contact 
with the non-circular cross section of the vortex cham- 
ber; (c) removing high temperature gas. from which par- w 
tides have separated, from the vortex chamber; and (d) 
removing separated particles from a lower portion of the 
vortex chancer. 

In the Fig. 5B embodiment, the vortex chamber 12 
is a polygon and there Is no partition wall between the is 
gas spaces, as in the Fig. 5A embodiment. In Rg. 5B 
there is one inlet 86, 88 for each gas vortex formed in 
the vortex chamber 12 gas space 31. The reference 
numerals are the same in the Rgs. 5B-7B embodiments 
for corrparable structures to those In the 5A-7A embod- 20 
Iments. 

In the Fig 6B embodiment there Is one inlet 86. 88 
for the gas vortices in gas spaces 31a and 31b. Fig. 7B 
shows a one gas vortex module. 

Fig. 8 shows two gas spaces 31a and 31b with gas 25 
vortices having an elongated cross section and elon- 
gated gas outlet openings 50, 52. 

Fig. 9 shows a cross section of a circulating fluid- 
ized bed reactor having a reactor chamber 110 in the 
middle and separator modules 112a, 11 2b, 11 2c, etc. 30 
around the upper part of the reactor chamber 110. 
Strudures In this embodiment comparable to those In 
the Figs. 1 -5A embodiments are shown by the same two 
digit reference numeral only preceded by a "1". 

Fig. 10 shows a cross section of a cylindrical reac- 3S 
tor chamber 210 having separator modules with curved 
walls around the reactor chamber 210. Structures in this 
embodiment comparable to those In the Rgs. 1-5A 
embodiments are shown by the same two digit refer- 
ence numeral only preceded by a "2". 40 

Figs. 11-15 show vertical cross sedions of CFB 
reactors having centrifugal separators according to the 
present Invention arranged in them. In Rg. 1 1 separa- 
tors are an-anged at two opposite sides of the reactor 
chamber. Both long walls 331 a. 332b and 336a. 336b of as 
the separators are bent to form return ducts 314a and 
314b. One of the long walls 332a and 332b are walls 
common with the reactor chamber. The separators 
thereby being arranged to partly extend into the reactor 
chanrtoer. The return ducts are disposed on the outside so 
of the reactor chamber. Strudures in this embodiment 
conparable to those in the Rgs. 1-5A embodiments are 
shown by the same two digit reference numeral only 
preceded by a "3". 

In the embodiment depided In Rg. 12 only one ss 
(412b) of the centrifugal separators has a long bent wall 
432b common with the reactor chamber 410 and 
thereby only this separator 412b protrudes in to the 
reactor chamber The return duct 424b of separator 
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412b is arranged inside the redHFbhamber. The return 
duct 414a of the other separator is outside the reador 
chamber. Structures in this emtxxiiment conparable to 
those in the Rgs. 1-5A embodiments are shown by the 
same two digit reference numeral only preceded by a 

In the enixxiiment shown in Fig. 13 the separator 
does not have any common walls with the reactor cham- 
ber. The separator is conneded through duct 540 with 
the reactor chamber 510. Structures In this embodiment 
comparat)le to those in the Figs. 1-5A embodiments are 
shown by the same two digit reference numeral only 
preceded by a "5". 

Rg. 14 depicts an embodiment having two separa- 
tors 61 2c. 61 2d entirely inside the reador chant^er 61 0. 
without any common walls with the reactor chamber. 
The corresponding return ducts 614 form a partition 
inside the reador chamber 610. Strudures in this 
embodiment conparable to those in the Figs. 1-5A 
embodiments are shown by the same two digit refer- 
ence numeral only preceded by a "6". 

Rg. 15 shows a centrifugal separator 712 accord- 
ing to the present invention, of the flow through type, 
having a gas outlet 750 in the bottom part of the vortex 
chamber 712. Structures in this embodiment compara- 
ble to those in the Figs. 1-5A embodiments are shown 
by the same two digit reference numeral only preceded 
by a T. 

While the invention has been described in connec- 
tion with what is presently considered to be the most 
pradical and preferred embodiment, It is to be under- 
stood that the Invention Is not to be limited to the dis- 
dosed embodiment, but on the contrary, is intended to 
cover various modifications and equivalent an^ange- 
ments Included within the spirit and scope of the 
appended daims. 

Claims 

1 . A circulating f luidized bed reactor, comprising: 

- a reactor chamber (10). restricted horizontally 
mainly by vertical planar or curved walls or by 
cylindrical walls; 

• means (24, 26) for introducing fluidizing gas 
into the reactor chamber, for maintaining a f lu- 
idized bed in the chanober, 

- a centrifugal separator (12), connected to the 
reador chamber, for separating solid partides 
from gases discharged from the reactor cham- 
ber. 

- a return dud (14), for returning the solids sep- 
arated in the separator (12) into the f luidized 
bed in the reactor chamber (10). 

the centrifugal separator (12) conprising 

a vertical vortex chamber, which has walls 
(32, 34, 36, 38) defining an interior gas 



8 



15 



EP0730910A2 



space (31), and ai^^pr section (43) and 
a lower section (45)? 
at least one inlet (30). for gases to be pun* 
fled, disposed in the upper section of the 
vortex chamber. s 
at least one outlet (54. 56) for the purified 7. 
gases, from the vortex chamber, 
at least one outlet (46) for the separated 
particles, disposed in the lower section of 
the vortex chamber and connected to the io 
lower portion of the reactor chamber. 



16 



' at least one wall (l^R the lower section (45) 
of the vortex chamber is irK:lined, so as to 
reduce the gas space in the downwardly direc- 
tion. 

A circulating fluidized bed reactor aocoreling to 
daim 1 or 2. characterized in that 

- at least one wail (36) in the lower section of the 
vortex chamber approaches the opposite wall 
so that a slot is formed in the lower section. 



said inlet, outlets and vortex chamber defining at 
least one vertical gas vortex in the vortex chamber 
gas space (31), is 
Characterized in that 

- said walls (32. 34. 36. 38) of the vortex cham- 
ber are distinctly non-cylindrical, 

- the cross section of the interior gas space (31 ) 20 
defined by the walls (32. 34. 36, 38) of the vor- 
tex chamber is in the shape of a polygon, such 

as a square or rectangle, and 

- at least two opposite walls (32. 36) of the vortex 
chamber are formed by cooling surfaces. 25 

2. A circulating fluidized bed reactor according to 
claim 1 . characterizeciinthat 

the cross section of the interior gas space (31) 30 
defined by the walls (32. 34. 36. 38) of the vor- 
tex chamber Is in the shape of a square. 



8. A circulating fluidized bed reactor according to 
daim 1 or 2, characterfeed jnthat 

- one or more walls (36. 32) in the lower section 
of the vortex chamber approach each other in 
such a manner that in the lower section of the 
vortex chamber is formed a channel of sub- 
stantially the size of the outlet for the separated 
particles. 

9. A drculating fluidized bed reactor according to 
daim 1 or 2. characterized in that 

- the at least one outlet (46) for the separated 
particles is not on the same symmetrical axis 
as the at least one outlet (54) for the purified 
gases. 

10. A circulating fluidized bed reactor according to 
daim 1 or 2. characterized in that 



3. A drculating fluidized bed reactor according to 
daim 1 , characterized in that 35 

- the circularity of the cross section of the gas 
space of the at least one vortex chamber is 
greater than or equal to 1 . 1 5. 

40 

4. A drculating fluidized bed reactor according to 
claim 1 or 2. characterized in that 

- all wails (32, 34, 36. 38) of the vortex chamber 
are formed by cooling surfaces. 45 

5. A drculating fluidized bed reactor according to 
claim 1 or 2. characterized in that 

- the aoss section of the gas space (31) in the so 
upper section of the vortex chamber is sid> 
stantially constant at different elevations, and 
that 

- the cross sectional area of the gas space in the 
lower section of the vortex chamber is down- ss 
wardly deaeasing. 

6. A drculating fluidized bed reactor according to 
daim 1 or 2, characterized in that 



- the centrifugal separator (12) comprises at 
least two adjacentiy disposed vertical vortex 
chancers. 

11. A drculating fluidized bed reactor according to 
daim 1 or 2. characterized intiiat 

- the centrifugal separator (12) conprises at 
least two adjacentiy disposed vertical vortex 
chambers having one common wall. 

12. A circulating fluidized bed reactor according to 
daim 1 or 2. characterized In that 

- the centrifugal separator (12) -«emprises at 
least two adjacentiy disposed vertical vortex 
chambers having one common gas inlet 

13. A circulating fluidized bed reactor according to 
daim 1 or 2. characterized intiiat 

- the centrifugal separator (12) comprises at 
least two adjacentiy disposed vertical vortex 
chambers, one wall of each vortex chamber 
being formed by a single tube panel connecting 
the vortex chambers. 
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the centrifugal separator (12) comprises at 
least two adjacently disposed vertical vortex s 
chamt>ers. two opposite walls (32. 36) of said 
vortex chamt>ers being formed of two tube pan- 
els connecting the vortex chambers. 

15. A circulating fluidized bed reactor according to ro 
claim 1 or 2, characterized in that 

- the vortex chamber comprises planar mainly 
rectangular water tube walls (32. 34, 36. 38). 
the water tube walls being formed of joined ver- is 
tical water tubes. 



according to (74. 76) into which s^HR the separated solids 

flow and from which the solids are introduced 
via openings (78. 80) back to the lower section 
of the reactor chamber. 

21. A circulating fluidized bed reactor according to 
daim 1. characterized in that 

- the at least one gas inlet (30) is in the shape of 
a vertical nanrow slot, which is approximately of 
the same height as the upper section of the 
vortex chamber. 

22. A circulating fluidized bed reactor according to 
daim 1 or 2. characterized in that 



16. A drculating fluidized bed reactor according to 
claim 1 or 2, characterized in that the reactor cham- 
ber (1 0. 110. 21 0) is rectangular or cylindrical. 20 



17. A drculating fluidized bed reactor according to 
daim 1 or 2. characterized in that 

the reactor chamber (10. 1 10. 210) is rectangu- 
lar or cylindrical and that 
- the centrifugal separator (12) comprises at 
least two adjacently disposed vertical vortex 
chambers. 



18. A drculating fluidized bed reactor according to 
daim 1 or 2. characterized in that 

- the inner surfaces of tiie gas space of the vor- 
tex chamber are lined with a thin layer of abra- 
sion resistant refractory material. 

19. A drculating fluidized bed reactor according to 
claim 1 or 2. characterize^ in that 

the upper parts of the wails (32. 34. 36. 38) of 
the vortex chamber are vertical and planar and 
form the upper section (43) of the vortex cham- 
ber, and 

- the lower part of one wall (36) is bent towards 
the opposite wall (32) forming the lower section 
(45) of tiie vortex chaml>er. thereby forming a 
funnel shaped space (44). the bottom part of 
which forms the sdids outiet (46). 

20. A drculating fluidized bed reactor according to 
daim 1 . characterized in that 

- the centrifugal separator (12) comprises at 
least two adjacentiy disposed vertical vortex 
chambers. 

- the retum duct (1 4) is divided by a partition wall 
(71) into two parts (13, 15), tiie lower sections 
of which are formed into funnel shaped spaces 
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- the at least one gas inlet (30) is in the shape of 
a vertical narrow slot, and 

- at tiie slot (30) the wall (32) of the vortex cham- 
ber is bent towards the inside of the vortex 
chamber so that the bent parts create an inlet 
duct (42) tapering inwardly towards the vortex 
chamber for leading tiie gas flow into the vortex 
chamber gas space (31). 

23. A circulating fluidized bed reactor according to 
daim 1 or 2. characterized in that 



• the at least one gas inlet (30) is in the shape of 
30 a vertical narrow slot having a height to width 

ratio > 3. 

24. A circulating fluidized bed reactor according to 
daim 1. characterized in that 

35 

' the cross section of tiie interior gas space (31 ) 
defined by the vortex chamber walls (32, 34, 
36, 38) is in the shape of a rectangle, and 

- the vortex chancer is provided witii two or 
40 more successive gas outiets ((54, 56) in tiie 

longitudinal direction of tiie vortex chamber, so 
that two or more successive gas vortices are 
created in the vortex chamber. 

45 25. A circulating fluidized bed reactor according to 
daim 24. characterized in that 

- the lengtii of the long side walls (32r96) of tiie 
rectangle is two or more times tiie lengtii of tiie 

so short side walls (34. 38). 

26. A circulating fluidized bed reactor according to 
daim 24, characterized in that 

55 - the vortex chamber is provided with one gas 
inlet per two gas outiets in such a manner tfiat. 
from one gas inlet, tiie gas is distributed to two 
gas vortices wherefrom the gases are dis- 
charged through two separate outiets. 
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27. A circulating fluidized b^^Kctor according to 
claim 24. characteri3;«l int^r 

- the long walls (32. 36) of the vortex chamber 
are reirrforcced by means of a partition wall s 
(70) extending from wail (32) to wall (36). 

28. A circulating fluidized bed reactor according to 
claim 24, characterized in that 

70 

a transverse support (70) is disposed between 
the two opposite long walls between two gas 
vortices, for stiffening the chamber structure. 

- the transverse support is cooled. 

15 

29. A drculating fluidized bed reactor according to 
claim 1 or 2, characterized in that the cooling sys- 
tem of the vortex chamber is connected to the main 
water/steam system. 

20 

30. A drculating fluidized bed reactor according to 
claim 1 or 2, characterized in that a part of the 
upper section of one of the reactor walls (1 6) serves 
as a wall (32) of the vortex chamber. 

25 

31. A drculating fluidized bed reactor according to 
claim 1 or 2, characterized in that the lower part of 
the return duct (14) is in communication with the 
lower section of the reactor chamber (10) via a L- 
bend (48). for returning the solids separated in the so 
separator (12) into the fluidized bed. 

32. A drculating fluidized bed reactor according to 
claim 1 or 2. characterized in that the inlets (30) for 
gases have guide plates (40) for guiding the gas 3S 
tangentially into the vortex chamber. 

33. A drculating fluidized bed reactor according to 
claim 32. characterized in that the guide plates (40) 
are bent to form an inlet duct (42) tapering inwardly 4o 
toward the vortex chamber 

34. A drculating fluidized bed reactor according to 
claim 1 or 2, characterized in that 

45 

- the at least one outlet (54. 56) for purified 
gases is arranged to resist hot conditions in the 
gas spacaJbyL being either made or ceranruc or 
cooled and 

- the return duct of the separator is outside the so 
reactor chamber. 
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Publication Title: 
Centrifugal separator 



Abstract: 

The invention relates to a centrifugal separator and a method for separating 
particles from gases. The centrifugal separator (12) is a vortex chamber 
composed of cooling planar plates or panels (32, 34, 36) (i.e. they are distinctly 
non-cylindrical), having at least one gas inlet (40), at least one gas outlet (52) 
and at least one outlet (46) for the separated particles. The cross section of the 
side walls (32, 34, 36) of the vortex chamber forms a distinctly non-circular gas 
space (31) (e.g. a polygonal cross section), have a circularity of greater than 1, 
e.g. > 1.1, and preferably > 1.15. One or more vertical, parallel gas vortices may 
be created in the vortex 
327 

chamber, the gas introduced into vertical narrow slots. The outlets (46) for 
separated particles are not one the same symmetrical axes as the outlets for 
purified gas (52). Two adjacent vortices may be provided in a common 
rectangular chamber. The separator (12) is preferably in conjunction with a 
circulating fluidized bed reactor (10). 
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(54) Circulating f luidized bed reactor 

(57) The invention relates to a circulating fluidized 
bed reactor comprising a centrifugal separator and a 
method for separating particles from gases. The centrif- 
ugal separator (12) is a vortex chamber composed of 
cooling planar plates or panels (32, 34, 36) (i.e. they are 
distinctly non-cylindrical), having at least one gas inlet 
(40). at least one gas outlet (52) and at least one outlet 
(46) for the separated particles. The cross section of the 
side wails (32. 34. 36) of the vortex chamber forms a 
distinctly non-circular gas space (31) (e.g. a polygonal 
cross section), have a circularity of greater than 1. e.g. 
> 1 . 1 , and preferably > 1 . 1 5. One or more vertical, par- 
allel gas vortices may be created in the vortex chamber, 
the gas introduced into vertical narrow slots. The outlets 
(46) for separated particles are not one the same sym- 
metrical axes as the outlets for purified gas (52). Two 
adjacent vortices may be provided in a common rectan- 
gular chamber. The separator (12) is preferably in con- 
junction with a circulating fluidized bed reactor (10). 
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